patients with EOPD, characterized by beneficial response to levodopa, relatively slow progression, and motor complications. Although heterozygous EX 3_6 del and homozygous EX 5 del mutations in the parkin gene have been previously described, to our knowledge, this is the first report of these mutations in compound heterozygotes. Seven heterozygous A265G variants in the HS1BP3 gene were found in this pedigree, but they did not cosegregate with ET, Parkinson disease, or Bell palsy, supporting the conclusion that this variant is not associated with ET.
Conclusions:
Compound heterozygous parkin mutations (EX 3_6 del and EX 5 del) caused EOPD in this family, but the A265G variant in the HS1BP3 gene, previously considered to be responsible for ET, was probably not pathogenically related to the ET in this family. (Figure 1) , were screened for parkin mutations and the A265G variant in the HS1BP3 gene. These patients were compared with 60 healthy controls (male/female: 29/31; mean±SD years of age, 51.9±14.1). The diagnoses of PD, ET, and BP were made according to common diagnostic criteria. 5, 6 The Baylor College of Medicine institutional review board approved the study, and all participating individuals provided informed consent.
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GENETIC ANALYSIS
Genomic DNA was isolated from peripheral blood leukocytes using the standard method.
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All 12 exons of the parkin gene and the A265G allele of the HS1BP3 gene were sequenced using primers. 5, 7 Semiquantitative polymerase chain reaction (PCR) was used for identification of the parkin genomic DNA and the dose of the parkin exons relative to glyceraldehyde 3-phosphate dehydrogenase normalized to control DNA. For evaluation of our assay, we used samples with LRRK2 R1441G and G2019S mutations as diploid controls. 8 The DNA levels were quantified by densitometric analysis using a GS-700 densitometer (Bio-Rad, Richmond, Calif ). 7, 9 To determine the deletion of the parkin gene changes in messenger RNA (mRNA) splice, we extracted RNA and synthesized complementary DNA (cDNA) by reverse transcription (RT)-PCR. The transcribed parkin fragments from exon 2 to exon 7 and from exon 4 to exon 6 were amplified using paired primers (5Ј-GCATCTTCCAGCTCAAGGAG -3Ј and 5Ј-GGAAACAGTCTAAGCAAATCACG -3Ј and 5Ј-AAAGGC-CCCTGTCAAAGAGT-3Ј and 5Ј-GTTTCCTTGTCAGAG-GTGGG-3Ј, respectively). The PCR products were analyzed by gel purification and sequencing. In addition, 60 healthy controls underwent analysis and sequencing to evaluate the existence of exon 5-containing splicing at the mRNA level.
RESULTS
The 2 parkinsonian patients from this family had typical EOPD with a young age at onset, a beneficial response to levodopa, marked motor and nonmotor fluctuations, and relatively slow progression ( Figure 1 and Table) . Both patients harbored the compound heterozygous mutations (EX 3_6 del and EX 5 del). The RT-PCR showed the EX 3_6 del and EX 5 del cDNA (Figure 2) . The heterozygous EX 3_6 del mutation was also present in the other 4 family members not affected with PD, including 1 with ET, 1 with BP, and 2 unaffected individuals; the heterozygous EX 5 del mutation was present in 6 family members without PD, including 1 with ET and BP, 2 with BP, and 3 unaffected (Figure 1) .
To determine the importance of exon 5-containing parkin for maintaining normal function, we analyzed 60 healthy controls and found that all had the related mRNA splicing and that exon 5-containing mRNA (by cDNA analysis) doses were more than 10-fold higher than those with exon 5 deletion.
The heterozygous A265G variant in the HS1BP3 gene was identified in 7 members of this family, but the 265G allele did not cosegregate with ET, EOPD, or BP; only 1 of 3 patients with ET harbored this variant (Figure 1 ).
COMMENT
In this study of a 3-generation Mexican family with a unique complex neurological phenotype manifested by EOPD, ET, and BP, we identified compound heterozygous mutations (EX 3_6 del and EX 5 del) in the parkin gene in 2 members with EOPD. These patients share simi- Abbreviations: ADL, activities of daily living; UPDRS, Unified Parkinson Disease Rating Scale.
*All characteristics are noted at last examination, with the exception of presenting tremor, which is the location of tremor at initial presentation.
†The drug-induced dyskinesia rating was taken from question 32 of the UPDRS, which describes the proportion of the waking day with dyskinesias: 0 indicates none; 1, 1%-25%; 2, 26%-50%; 3, 51%-75%; and 4, 76%-100%. The UPDRS motor score was measured with the patient in the "on" state. Three alternative splicing variants (NM_004562, NM_013987, and NM_013988) of the parkin gene were described in the literature, and 1 of them (NM_013987) is an EX 5 del splicing variant, which results in a lack of 24 amino acids. To evaluate the role of exon 5-containing mRNA, we analyzed mRNA expression in 60 healthy controls by RT-PCR and found that doses of exon 5-containing cDNA in peripheral lymphocytes were more than 10-fold higher than those with exon 5 deletion, suggesting that the exon 5 position is critically important for the maintenance of normal parkin protein function.
A heterozygous EX 3_6 del mutation, which presumably eliminates parts of the ubiquitin-like domain and the RING-IBR-RING finger motif, was previously found in a European patient with EOPD, 1 and a homozygous EX 5 del mutation was reported in a Japanese family with EOPD by genome DNA analysis. 10 However, this is, to our knowledge, the first report of these mutations in compound heterozygotes. Because the status of the transcripts was unknown, we analyzed the mRNA transcript in our pedigree and found that both EX 3_6 del and EX 5 del changed the mRNA splice, supporting pathogenic relevance of this mutation. Parkin mutations include missense mutations that involve 1 or a few nucleotides, exonic deletions, duplications, and partial genome triplication. 11 Previous studies have suggested that a single mutation might cause EOPD or represent a risk factor for late-onset PD. In a few patients, only heterozygous mutations have been detected, suggesting that a second mutation has escaped detection by the applied methods or that some mutations in heterozygous forms are sufficient to cause this disorder. 12 Our study suggests that the heterozygous EX 3_6 del and EX 5 del mutations are of minor importance in EOPD because 4 heterozygous EX 3_6 del and 6 heterozygous EX 5 del carriers were all exempted from this disorder (the oldest ages of neurologically healthy family members with heterozygous EX 3_6 del and heterozygous EX 5 del mutations were 43 and 88 years, respectively), which is consistent with a loss-offunction mechanism of the parkin gene. Our results are supported by the evidence that heterozygous variants occur in patients with late-onset PD and healthy elderly controls with similar frequencies. 13 Additionally, the parkin mutations (homozygous or heterozygous) cosegregate with neither ET nor BP.
Seven heterozygous A265G variants in the HS1BP3 gene were found in this family, but they did not cosegregate with ET, PD, or BP. This finding strongly argues against any relevance of this variant in the pathogenesis of ET. 5, 14 Bell palsy, which is often associated with vascular congestion and secondary ischemia of the facial nerve or with a viral origin, has been found to be familial, with an autosomal dominant pattern of penetrance in 4% to 14% of cases, but no genetic linkage for familial BP has been reported. 4 Neither parkin mutations nor the A265G variant cosegregated with BP in our pedigree.
In conclusion, our study of a complex family with EOPD, ET, and BP found unique compound heterozygote mutations (EX 3_6 del and EX 5 del) that caused EOPD. Furthermore, the A265G variant in the HS1BP3 gene does not appear to be pathogenically relevant to ET in this family. 
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